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WILSON, L. M., J. R. WILSON AND L. V. DICARA. Facilitation of Pavlovian conditioned cardiodecelerations following 
preshock in immobilized rats. PHYSIOL. BEHAV. 15(6) 653-658, 1975. - Two experiments are reported that examine 
the effects of unsignalled, inescapable prior shock exposure (PSE) on shock-motivated Pavlovian conditioned heart rate 
(HR) decelerations in rats. Both studies involved 2 CS-US contingencies (paired and unpaired) and 2 preshock treatments 
(preshock and no preshock). The 2 designs differed in the type of immobilization procedures to which the rats were 
submitted and the number of conditioning sessions. In Experiment 1 rats were conditioned for 2 consecutive 35 trial 
sessions while physically restrained, whereas only one conditioning session was used in Experiment 2 on animals that were 
paralyzed with d-tubocurarine chloride (dTC). The results demonstrated that PSE augmented the magnitude of the HR 
conditioned response (CR) in both the physically restrained and paralyzed preparations. In addition, PSE improved the 
rate of acquisition of the conditioned cardiodeceleration in physically restrained rats and tended to facilitate reinstatement 
of the HR CR during the second conditioning session. These data support the notion that certain nonspecific stress 
processes that are relatively independent of the CS-US contingency but related to the occurrence of response suppression 
are intimately involved in Pavlovian HR conditioning. 
Pavlovian conditioning Heart rate Preshock Physical restraint Curare 
THE notion that similar central processes simultaneously 
initiate somatic and heart rate (HR) activity [4, 5, 16, 22] 
suggests that Pavlovian conditioned HR decelerations ob- 
served in immobilized rats [27, 28, 31, 32] are linked to 
mechanisms regulating response inhibition. Crouching or 
freezing is one form of response inhibition that serves as an 
unconditioned species-specific defense reaction to shock, as 
well as an anticipatory reaction to contextual stimuli 
associated with shock [6, 7, 8].  
Since response suppression is readily conditioned to 
stimuli associated with shock, and if the assumption is valid 
that central activities constitute the organization of  both 
HR and behavioral activities, then those circumstances that 
strengthen the crouching or freezing tendency in the 
presence of a fear-eliciting stimulus should also facilitate 
concomitant  HR decelerations. For instance, increasing the 
shock intensity in a Pavlovian fear conditioning situation 
tends to simultaneously enhance stimulus control over both 
conditioned HR responses [ 15] and the crouching tenden- 
cy, as inferred from the animal's ability to suppress the 
immobility response [6, 7, 11, 12]. Mounting evidence 
indicates that the immobili ty reaction can be strengthened 
during associations developed relatively independently of 
those formed during the Pavlovian CS-US pairings. For 
example, unsignalled, inescapable prior shock exposure 
(PSE) increases a rat's tendency to freeze in the test 
situation, which subsequently either enhances or impedes 
its ability to acquire a shock-motivated avoidance response, 
based on the particular requirements of the task [3].  
Very little is known about the influence of nonspecific 
stress on basal and conditioned cardiovascular activity 
[32].  Accordingly, the following experiments were design- 
ed to determine if the principles of PSE that apply to 
strengthening a species-specific defense reaction of response 
suppression facilitate conditioned HR decelerations under 
two conditions of immobilization: physical restraint 
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Michigan, were used. All animals weighed 375 -450  g at the 
time of testing, had no previous drug experience, and were 
adapted to the standard laboratory regimen of free access 
to food and water for at least one we'ek before the 
initiation of the experiment. All rats were individually 
housed in wire-mesh cages in a room cycled on a 12 hr 
light-12 hr dark schedule. 
Twenty-four hr before the first day of conditioning the 
animals were lightly etherized and implanted with subcuta- 
neous EKG electrodes. The electrodes consisted of 2 
stainless steel coils inserted between the scapula and on the 
base of the tail. 
Apparatus 
All rats were enclosed in a 180 × 60 x 38 cm (BRS 
Foringer) acoustic chamber, completely insulated with 
copper mesh, during adaptation and training. The stimulus 
display (a Mallory Sonalert adjacent to a faceted indicator 
lamp) was mounted 10 cm in front of the animal 8 cm 
above the chamber floor. The conditional stimulus (CS) 
consisted of a 5 sec presentation of a 1 KHz 78 dB (SPL) 
tone and a 5 W light. The CS was presented against a 
background of  a 72 dB noise generated by the housing 
ventilation fan and terminated with a 450 msec 1.2 mA tail 
shock (US). The US was similar to that described by Wilson 
and DiCara [32].  Briefly it was of a series resistance variety 
that offered a relatively constant 60 Hz AC current. 
External relay switching controlled the line voltage at the 
primary of  a 6:1 step-up transformer. The secondary was 
connected to the tail electrode through a voltage divider 
network employing a 200 K~ variable calibration resistor, a 
200 K~ ten turn potentiometer,  and a 300 K~ output 
resistor. High voltage switching transients were eliminated 
by placing a capacitor in parallel with the shock output. 
The only housing illumination was provided by the CS 
presentations. All trials were programmed with BRS For- 
inger solid-state logic according to an intertrial interval 
(ITI) averaging 100 sec with a range of 2 0 - 1 8 0  sec. 
Procedu re 
On the first conditioning day rats were lightly etherized 
to minimize struggling and then physically restrained as in 
the procedure described by Holdstock and Schwartzbaum 
[18]. Briefly, the rats were positioned on a 27 x 8 cm 
Plexiglas cradle consisting of two sets of apertures, or 
guideholes, for inserting the limbs. The rat's forelimbs were 
gently drawn through the anterior guideholes and securely 
bound to the anchor support beneath the restraining cradle 
with surgical adhesive tape. The animal's hindlimbs were 
drawn through the posterior apertures and similarly se- 
cured. A 5 cm wide strip of Velcro was then snugly 
wrapped around the animal's midthoracic region and 
secured under the cradle platform. Head movements were 
prevented by a piece of adhesive bandage tied over and 
across the neck and under the cradle, while an additional 
bandage minimized movement of the hindquarters. In 
general, this procedure was very effective in preventing 
vertical or lateral body displacements that could interfere 
with acceptable EKG recordings. 
The restrained animal was then placed into the test 
chamber. A tail shock electrode described by Weiss [29] 
was then sparingly coated with electrode paste to maintain 
optimal electrical contact and fastened around the base of 
the rat's tail. The EKG leads were attached to the 
implanted coils, the chamber door was closed, and the 
animal was permitted a 30 min adaptation period before 
conditioning started. Following adaptation the animals 
were randomly assigned to 1 of 2 pretraining groups: 
(1) Preshock group (PS). These rats were presented a 
series of  20 1 sec, 1.2 mA RMS tail shocks distributed on a 
VI 60 sec schedule. All shocks were unsignalled and 
inescapable. 
(2) No Preshock group {NPS). These animals received an 
additional 20 min 20 sec in the conditioning apparatus 
prior to the onset of  training. This interval corresponded to 
the time required to deliver the 20 tail shocks to the PS 
group. 
Following this pretraining period, animals were assigned 
to 1 of  2 conditioning groups: 
(1) Paired CS-US group (P). Animals in this group 
received 35 classical conditioning trials in which a 5 sec CS 
(tone plus light) terminated with the onset of a 450 msec 
1.2 mA RMS tail shock. The trials were programmed to 
occur on a VI 100 sec schedule. 
(2) Unpaired CS and US control group (UP). Animals in 
this group received 35 presentations of the 5 sec CS and of 
the 450 msec US. However, CSs were presented, on the 
average, every 100 sec; USs were programmed to occur 
randomly within the 100 sec ITI. This group was included 
to determine if preshock was primarily affecting the CS-US 
bond or was merely producing sensitization to the US. 
Following this training session the rats were returned to 
their home cages. The same conditioning procedure was 
followed the next day, except that the pretraining manipu- 
lation was omitted. 
Data Analysis 
A Grass Model 7B polygraph was used to record the 
EKG. The signals were led into a Grass preamplifier (Model 
7P5-A) and driver amplifier. For each of the 35 dally trials, 
the rat's HR was sampled for 5 sec prior to CS onset, and 
during the 5 sec CS presentation. Heart rate measurements 
were determined by manually counting the number of heart 
beats that occurred during these intervals. The conditioned 
response (CR) was defined as the CS HR minus the preCS 
HR. The preCS score served as the basal heart rate estimate. 
All heart rate scores were converted to beats per min (BPM) 
for statistical analysis. Because of occasional shock artifact 
contaminating the records of postUS HR, the decision was 
made to omit the unconditioned response (UR) data from 
the statistical analysis. 
RESULTS AND DISCUSSION 
A 2 X 2 × 2 × 6 (Preshock × Contingency x Days x 
Trial Blocks) repeated measures analysis of variance was 
conducted on the CS-preCS HR difference scores and on 
the preCS basal HR estimates. The first five-trial block was 
omitted from the ANOVA in the first experiment. The first 
five-trial block was omitted from the ANOVA in the first 
experiment. This block was considered as a test adaptation 
for the physically restrained rats. Multiple comparisons 
following an overall significant F value were made with t 
tests. 
Figure 1 illustrates that preshocked rats (PS) displayed 
augmented HR decelerations to the CS compared to their 
nonshocked controls (NPS), F(1,20) = 13.71, p<0.005. In 
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FIG. 1. Mean CS-PreCS heart rate in beats per rain (BPM) for each physically restrained group as a function of 5-trial 
blocks during 2 days of Pavlovian conditioning. ¢- ¢-, PPS; • - - - e, PNPS; o o, UPPS; o - - - o, UPNPS. 
(Abbreviations: PPS = Paired Preshock; PNPS = Paired No Preshock; UPPS = Unpaired Preshock; UPNPS = Unpaired 
No Preshock.) 
addition, animals exposed to paired CS-US presentations 
consistently decelerated to the CS (P), while those rats in 
the UP groups showed no systematic response, F(1,20) = 
74.11, p<0.01.  The preshock manipulation was particularly 
effective when it preceded paired CS-US presentations 
(Preshock x Contingency interaction: F ( 1 , 2 0 ) =  10.28, 
p<0.005.  Although all 4 groups showed no systematic HR 
response to the CS on the first block of training trials, P-PS 
rats exhibited a rapid acquisition of decelerative HR CRs 
across blocks. Furthermore, the HR CRs for these animals 
asymptoted sooner and at a lower level than those for the 
P-NPS, UP-PS, or the UP-NPS groups. It is unlikely that the 
preshock effects were primarily due to shock sensitization, 
since UP-PS rats, who received identical pretraining treat- 
ment to P-PS rats, showed no conditioning across blocks or 
days of  training. In addition, although preshock experience 
preceded only the Day 1 training session, Fig. 1 clearly 
shows that the augmented conditioned cardiodecelerations 
for the P-PS rats were retained from Day 1 to Day 2. The 
P-NPS rats began the second session with mean cardiodecel- 
erations similar to those of  Day 1 (p>0.05), before they 
successively decreased across trial blocks. 
Animals in the paired CS-US groups not experiencing 
preshock demonstrated little evidence of conditioning until 
the later acquisition trials. Figure 1 reveals that early in 
training P-NPS rats did not differ from their unpaired 
controls (UP-NPS) in their HR response to the CS 
(p> 0.05). 
A 2 x 2 x 2 x 6 ANOVA of the mean basal HRs (preCS 
values) for all treatment groups throughout training showed 
no main effects for either Preshock or Contingency. 
Therefore, although all preshocked rats experienced more 
total shock than nonpreshocked controls, baseline HRs did 
not differ significantly between the two groups. However, 
basal HR generally decreased between Day 1 and Day 2 of  
conditioning, F(1,20) = 17.02, p<0.001,  while a slight 
increase in HR occurred within sessions, F(5,100) = 7.96, 
p<0.01.  
The absence of preCS differences suggests that the 
nonspecific stress experienced during immobilization may 
have precluded any systematic PSE effects on basal HR. 
However, the general elevation in basal HR levels that did 
occur across trials within the sessions is consistent with 
other reports of preCS shifts in HR during Pavlovian 
conditioning in the immobilized rat [ 17, 18, 24, 25, 32]. 
EXPERIMENT 2 
The difficulty experienced in obtaining stable HR 
conditioning in curarized animals has often been viewed as 
a consequence of inadequate respiration or the vagolytic 
• properties of the neuromuscular blocker [19]. However, 
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there is a strong indication that the disrupting influences 
exhibited in the curarized preparation can also be observed 
in the nonparalyzed, physically restrained rat. For instance, 
Wilson and DiCara [32] suggested that adaptation to 
immobilization-induced nonspecific stress facilitates Pavlov- 
Jan conditioned HR decelerations in both physically re- 
strained and paralyzed rats. Thus, one disruptive feature of 
stress appears to be common to both immobilization 
procedures. If other basic features are similar, then 
strengthening the mediational processes underlying re- 
sponse suppression could facilitate HR conditioning in 
curare-immobilized rats. Accordingly, the following study 
used the PSE procedure on rats paralyzed with d-tubocura- 
fine chloride (dTC). 
METHOD 
Animals and Procedure 
Selection, purchase, and maintenance of the animals 
were similar to Experiment 1. The design was also similar to 
the previous experiment except that in this case the rats 
were lightly etherized and then curarized, instead of 
physically restrained. The injection procedure was similar 
to that previously used by Wilson and DiCara [32].  This 
involved a single intraperitoneal injection of d-tubocurarine 
chloride (dTC) (2.5 mg/kg body weight) in a 3.0 mg/cc 
solution (Squibb) following etherization. When the rat 
showed signs of respiratory distress it was placed into a face 
mask modified from a rubber balloon [13]. The balloon 
was positioned behind the upper incisors and pulled tightly 
over the rat's snout. The balloon was attached to a rubber 
stopper which held a Y-tube connected by polyethylene 
tubing to the inspirator and expirator tube on a small 
animal respirator (Harvard 680). The rats were respirated at 
a 1:1 I/E ratio at approximately 6 8 - 7 2  cpm with a 6 cc 
positive pressure vol/stroke. During paralysis the rats lay on 
folded surgical padding and were respirated until they 
regained sufficient motor control to sustain respiration 
without aid. 
The conditioning procedure was administered in one 35 
trial session. The animals were randomly assigned to 1 of 4 
experimental groups (N = 8 per group): 
(1) a curarized paired preshock group (C-PP), in which 
curarized rats received 35 CS-US pairings, following a series 
of unavoidable and inescapable tail shocks, similar to the 
procedures described for P-PS rats in Experiment I. 
(2) a curarized paired no preshock group (C-PNP}, in 
which rats were trained like P-NPS rats in Experiment 1 
without any preconditioning aversive stimulation. 
{3) a curarized unpaired preshock group (C-UPP). 
(4) a curarized unpaired no preshock group (C-UPNP). 
The latter groups were given 35 independent presenta- 
tions of the CS and the US, either f611owing pretraining 
shock exposure or a similar period in which they were left 
undisturbed. 
All animals were allowed a 30 min curare stabilization 
period following dTC injection before the pretraining 
period began. The CS complex, as well as its location 
relative to the animal's position, was similar to that 
described in the first experiment. Although electromy0- 
graphic activity was not monitored, examination of the 
status of  recovery from paralysis after conditioning as well 
as observations from previous studies [32,33] strongly 
indicated that the results described below cannot be 
attributed to a differential reinstatement of skeletal motor  
control. 
RESULTS 
Figure 2 shows the mean change in HR during CS 
presentations across the 7 five-trial blocks on the first day 
of training for the 4 treatment groups. The 2 × 2 × 7 
(Preshock x Contingency x Trial Blocks)repeated mea- 
sures analysis revealed that, at least on the first day of 
conditioning, prior shock exposure significantly augmented 
the magnitude of the cardiodeceterations to the CS, F(1,28) 
= 5.74, p<0.05. Furthermore, the preshock-induced in- 
crease in the magnitude of the cardiodeceleration occurred 
only in those animals also experiencing paired CS-US 
presentations (viz., C-PP rats) (Preshock × Contingency 
interaction: F(1,28) = 4.66, p<0.05. Group comparisons (t 
tests) demonstrated C-PP rats showed greater conditioned 
cardiodecelerations than either their sensitization controls 
(C-UPP) or the C-PNP rats (p<0.05). No significant 
differences were found between C-PNP and their C-UPNP 
controls. 
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FIG. 2. Mean CS-PreCS heart rate in beats per min (BPM) for each 
dTC-immobilized group as a function of 5-trial blocks of trials 
recorded during a single 35 trial conditioning session, t------o, C-PP; 
• - - - •, C-PNP; o o, C-UPP; o - - - o, C-UPNP. (Abbreviations: 
C-PP = Curarized - Paired Preshock; C-PNP = Curarized - Paired No 
Preshock; C-UPP = Curarized - Unpaired Preshock; C-UPNP = 
Curarized - Unpaired No Preshock.) 
Basal HRs were not dependent on either prior shock 
exposure or contingency factors. However, as in the first 
experiment, HRs displayed a reliable tendency to increase 
across trial blocks in training, F(6,168) = 3.29, p<0.005. 
On the average, basal HR in the curarized preparation 
remained in the 4 3 0 - 4 4 0  BPM range. These values were 
10 -20  BPM slower than the mean basal HRs on the first 
day of training for the physically restrained animals in 
Experiment 1, which ranged between 4 4 0 - 4 6 0  BPM. 
A comparison of  Fig. 1 and 2 revealed that the mean HR 
CR's for physically-restrained rats who received paired 
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CS-US presentations in training were augmented by 5 - 1 0  
BPM over those of the curarized-paired groups. According 
to a law of initial values [30],  the higher basal HRs of the 
physically-immobilized rats provide partial explanation for 
the enhanced cardiodecelerations of this group. Addition- 
ally, documented vagolytic properties of dTC [19] may 
restrict the potential magnitude of the vagally-mediated CR 
in the curarized rats to a smaller range than in their 
noncurarized counterparts. 
DISCUSSION 
The fact that Pavlovian HR conditioning is strengthened 
under apparently elevated (PSE)or  attenuated [32] stress 
conditions presents somewhat of a paradox. Since HR CRs 
are predominantly vagally mediated [10,14],  a cardiac- 
somatic coupling implies that increases in vagal tone are 
generally supported by a suppression of skeletal-motor 
activity. Thus, it might be anticipated that the CR 
amplitude can be disrupted under conditions that either 
favor sympathetic antagonism of this vagal response, or 
elicit incompatible skeletal activity. Although little is 
known of the sympatho-adrenal contributions to condition- 
ed cardiovascular activity, several investigators [23] have 
emphasized that acute stress strengthens sympathetic com- 
petition. If immobilization induces nonspecific stress, it 
may elicit sympatho-adrenal activation as well as struggling, 
and other escape behaviors in the physically restrained 
animal inconsistent with conditioned cardiodecelerations. 
The facilitation of Pavlovian HR conditioning by immobili- 
zation adaptation [32] might be interpreted as indicating 
that minimizing these confl ict ing tendencies strengthens 
stimulus control over the vagal response. Moreover, the 
results of the present study indirectly suggest that PSE, like 
immobilization adaptation, strengthens the occurrence of 
response inhibition (i.e., a decrease in somatic activity) 
during subsequent Pavlovian conditioning trials which may 
counter those tendencies usually dominant during immobi- 
lization-induced stress. Recent studies on the effects of PSE 
on the acquisition of an instrumental avoidance response 
support this contention. Anisman [2] found that preshock 
administered to either physically restrained or anectinized 
rats significantly lowered basal activity in the training 
situation and, thereby, retarded avoidance acquisition. 
The characteristics of the stimulus-induced HR response 
in the physically restrained rat are consistent with previous 
studies [8, 24, 25]. The finding that HR CRs approached 
the magnitude of those reported by Holdstock and 
Schwartzbaum [ 18] only on the second consecutive day of 
conditioning confirm Wilson and DiCara's [32] assertion 
that habituation of immobilization-induced nonspecific 
stress may be a critical methodological requisite for rapid 
HR conditioning in the restrained rat. One additional 
feature of conditioning was also noted in this preparation: 
Even though the PSE experience was omitted on the second 
day, it facilitated both acquisition and retention across the 
two consecutive days of conditioning. In this connection, 
Anderson et  al. [ 1 ] observed improved retention of passive 
avoidance performance following PSE. The inability to 
produce HR CRs in the nonpreshocked animals in Experi- 
ment 2 supports earlier reports of invariant HRs in 
nonhabituated, curare-immobilized rats [19, 20, 32]. 
However, the fact that PSE produced stable Pavlovian 
conditioned HR decelerations is consistent with Wilson and 
DiCara's [32] observation that certain difficulties experi- 
enced with the curarized preparation are not attributable to 
the pharmacological consequences of neuromuscular paral- 
ysis or artificial respiration. 
In addition to the absence of conditioning following 
unpaired presentations of the CS and US, previous studies 
render the possibility that alterations in shock aversion 
thresholds or sensory preconditioning influenced the CR 
very remote. For instance, Brookshire, et al. [9] and 
Anderson et al. [1] reported that preshock produced, if 
anything, elevations in psychophysically determined aver- 
siveness thresholds. Moreover, Rescorla [26] recently 
demonstrated that the information the animal retains about 
the US following preshock does not affect responding to a 
neutral CS. Thus, conceptually, it appears that strong 
mediational drive stimuli are established during PSE which 
facihtate the transfer of shock-produced cues to the 
conditioning situation. Procedurally, though, the most 
conducive circumstances for demonstrating Pavlovian con- 
ditioned HR decelerations apparently occur when the 
animals are stress adapted or when the prepotent skeletal- 
motor response to the fear stimulus (e.g., freezing) is 
compatible with the cardiodecelerations. 
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